•+ ⊂DAPQT
interlocked cyclobis(paraquat-p-phenylene) rings-with 0, 1, and 2 more highly conjugated diazapyrenium dication (DAP 2+ ) units, respectively, a consecutive series of 5, 6, and 7 redox states can be accessed in the resulting SC•7PF 6 (0, 4+, 6+, 7+, and 8+), HC•7PF 6 (0, 2+, 4+, 6+, 7+, and 8+), and AC•7PF 6 (0, 1+, 2+, 4+, 6+, 7+, and 8+) , respectively. These unique
[2]catenanes present a promising prototype for the fabrication of high-density data memories.
■ INTRODUCTION
Ever since the landmark discovery of the triphenylmethyl radical 1 by Moses Gomberg, research on stable organic radicals 2 has attracted attention, not only on account of their exotic electronic properties, but also because of their potential applications as spin-labels 3 and in organic lithium batteries 4 as well as in conductive and magnetic materials. 5 To date, however, most organic radicals experience a fleeting existence and readily undergo dimerization and/or 3 oxidation. The synthesis and isolation of persistent radicals in crystalline forms remains a challenge. In addition, molecular systems with adjustable number of accessible redox states are quite difficult to achieve. plane-to-plane separation between units B and C is 3.4 Å, a distance which is a typical one for
[π···π] interactions. In addition, the complex is further stabilized by multiple [C-H···π] interactions between the p-phenylene rings on the unit B and C-H groups on the DAP 2+ unit.
Overall, the superstructure is arranged (Figure 2d ) in an infinite stack, driven by intermolecular
[Br···π] interactions between adjacent inclusion complexes.
Since the hetero trisradical tricationic complex is stable in MeCN, we grasped 18 the opportunity to synthesize (Schemes S1 and S2) AC•7PF 6 and SC•7PF 6 In order to confirm beyond any doubt that the as-synthesized catenanes exist as persistent stable radicals, we performed EPR measurements. The results reveal (Figure 4a ) that both catenanes are EPR active, an observation which is in good agreement with their containing an unpaired electron. Moreover, the spectra display indiscernible hyperfine splitting, an observation which suggests that rapid spin exchange exists within both catenanes. This conclusion is also supported 19 (Figure 4b ) by the NIR absorption bands centered on ca. 1415 nm in their UV-Vis-NIR spectra.
In order to gain more insight into the location of the delocalized radical electron, single crystal XRD analyses were performed on single crystals of AC•7PF 6 and SC•7PF 6 . The solid-state structures demonstrate (Figures 4c and d , S10 and S11) that each catenane crystallizes with 7 PF 6 -counterions, an observation which is consistent with their mono-radical states. In the case of AC •7+ , the torsional angle of 34° for the unit D, is typical for the dicationic BIPY 2+ unit and tells us that the unpaired electron is not located on the unit D. By contrast, units B and C have smaller torsional angles-namely, 8° and 10°, respectively-and thus the heterocyclic rings can be deemed as being almost coplanar. The flattening effect suggests that the unpaired electron is shared by units B and C. This conclusion is further supported by their short plane-to-plane separation, which is only 3.1 Å being 9 typical for single unpaired spin interactions. The large plane-to-plane separation (3.5 Å) between units A and B suggests that the unit A is unlikely to be involved in the electron sharing. In the same manner, it can be argued that the unpaired electron in SC •7+ is shared by units B (8°) and C (10°) as well. Along with the observations for HC •7+ , it respectively, which render these catenanes ideal for applications as memory devices. In particular, all these redox states can be accessed at low potentials, ranging from −1.1 to +0.5 V, 9 which guarantee very low write and erase voltages. As such, these three catenanes hold considerable promise in relation to creating high-density memory devices with low energy consumption.
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■ CONCLUSIONS
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